We use the CO band at 2.3 µm to constrain the populations of young stars in the central regions of Seyfert galaxies. We report new CO band spectroscopy of 46 Seyfert galaxies. In most cases, the observed CO indices appear diluted by the presence of a non-stellar component (most likely, warm dust surrounding the active nucleus). We used JHKL aperture photometry to estimate the non-stellar contribution at 2.3µm. We successfully corrected the CO band for the dilution for 16 galaxies which were not dominated by the non-stellar component. Comparing with CO indices measured in elliptical and purely starbursting galaxies, we find no evidence for strong starbursts in the majority of these galaxies.
Introduction
There are many observational examples of starbursts occurring in active galaxies (e.g. Mauder et al. 1994; Maiolino, Rieke & Keller 1995; Heckman et al., 1997; Gonzalez-Delgado et al., 1998; Nelson & Whittle, 1998; Kunth & Contini, 1999) . As a result, possible connections between active galaxies and circumnuclear starbursts are the subject of extensive speculation.
Such associations might arise just because circumnuclear starbursts have a common cause with AGNs. For example, mergers, interactions between galaxies, and bars (Shlosman, Frank & Begelman, 1989; Shlosman, Begelman & Frank, 1990; Maiolino et al., 1997; Knapen, Shlosman & Peletier, 1999) have all been invoked as a means to distort the gravitational potential of the host galaxy, allowing the gas to lose angular momentum to the stars, so it can fall inward toward the AGN. All of these phenomena appear also to be associated with nuclear starbursting.
A more direct connection has been proposed by von Linden et al. (1993) , who suggest that starburst-induced turbulence in the ISM is responsible for the final stages of infall of gas into the nuclear engine. Weedman (1983) pioneered an AGN model involving a large number of small accretors -the remnants of the massive stars in a compact circumnuclear starburst, preceding the AGN stage. Bailey (1980) , David (1987a David ( , 1987b , and Norman & Scoville (1988) refined this idea, pointing out that a compact star cluster can form a super massive black hole. The theoretical understanding of this process was advanced by the efforts of Perry & Dyson (1985) , Perry (1992) , and more recently, of Williams, Baker & Perry (1999) .
It has also been proposed that a starburst can mimic an AGN (Terlevich & Melnick, 1985) . Terlevich et al. (1992) showed that at least low luminosity Seyfert 2's can be explained via active circumnuclear star formation alone. However, this model has difficulties -4explaining the rapid X-ray variability, and the broad iron emission lines of more luminous active galaxies. Cid Fernandes (1997) summarized the current status of the model and suggested a dichotomy among AGNs, in which some are powered by a black hole and others by a nuclear starburst.
Still another possibility is that circumnuclear starbursts strongly alter the observed properties of AGNs. For example, Ohsuga & Umemura (1999) consider a model in which the wind from the circumnuclear starburst forms an obscuring dust wall. The alternative process, in which an AGN disturbs the galactic ISM and triggers a starburst was reported by van Breugel et al. (1985) , van Breugel & Dey (1993) , and Dey et al. (1997) . This behavior is usually related to the expansion of a radio source into the ambient medium.
Also, once formed, by whatever means, the black hole can gravitationally disturb the interstellar gas, triggering a starburst.
A better understanding of the frequency of AGN and starburst coincidences is required to probe the connection between the two phenomena. A conventional method to search for young starbursts is to look for stellar absorption features in the ultraviolet spectra of galaxies (e.g. Heckman et al., 1997; Gonzalez-Delgado et al., 1998) . Current instrumentation allows this approach to be applied in just a few cases; Heckman (1999) found only four Seyfert 2 nuclei bright enough to obtain UV spectra with sufficiently high signal-to-noise to identify young stars. It is possible that they show starburst signatures because of the selection bias toward galaxies with high surface brightness, which could be a result of the active star formation. In addition, application of this technique to AGNs is restricted by the extinction. Since the ISM lies around the AGN in a complex three-dimensional distribution, a significant component of the observed UV flux may come from the stellar population in front of the active nucleus and not be associated closely with it.
- 5 - In the optical, Kunth & Contini (1999) detected emission signatures of Wolf-Rayet stars in the spectra of two Seyfert 2 galaxies out of five observed. CaII triplet absorption at 8555Å is strong in the spectra of massive stars and can also indicate the presence of starbursts Terlevich, Diaz & Terlevich, 1990; Forbes, Boisson & Ward, 1992; Nelson & Whittle, 1998) . However, studies of this line in Seyfert galaxies were not conclusive because for a fraction of these galaxies the CaII index values were inconsistent with a normal galaxy spectrum diluted by a featureless power law continuum (see also Persson, 1988; .
The infrared range has an advantage in probing AGN environments because of the lower extinction. Since the strengths of the CO bands at 1.6µm and 2.3µm are sensitive to the stellar surface gravity, they can indicate the presence of young red supergiants. The CO band strength is also a function of metallicity. However, in the bulges of large spirals, the typical haunt of a Seyfert nucleus, the surface gravity dependence dominates. Empirically, quiescent spirals have a very narrow range of 2.3µm band strengths (Frogel et al., 1978; Frogel, 1985) and most starburst galaxies have bands substantially deeper than this value (Ridgway, Wynn-Williams & Becklin 1994; Goldader et al. 1995; Engelbracht 1997) Although the 2.3µm strength has proven useful in identifying and studying starbursts, in applying similar techniques to Seyfert galaxies one must contend with the possibility that the band can be diluted by radiation from the warm dust surrounding the central engine in the AGN. Oliva et al. (1995) therefore used the second overtone at 1.6µm to probe the environments of AGNs. Unfortunately, this band is weak and its dependence on metallicity is strong comparable to 2.3µm CO band. To avoid these issues, Oliva et al. (1999) derived the mass to luminosity of the nuclear region and identified starburst/Seyfert combinations where this ratio was low, rather than relying on the CO band strengths. Both of these approaches require high signal to noise spectra of moderately high resolution. Thus, they -6can only be applied to AGNs that are bright in the near infrared, which may result in a selection bias toward examples with strong circumnuclear starbursts.
To address the Seyfert-starburst connection more thoroughly, we obtained K-band spectra of 46 Seyfert galaxies in the CfA sample at the 2.3 µm CO bandhead. In addition, we obtained spectra of 5 ellipticals, and used 19 starburst galaxy spectra from Engelbracht (1997) for comparison. With this sample, we hope to alleviate the typical small number statistics of previous studies, and to overcome the bias toward galaxies with high surface brightness. We apply a technique based on JHKL aperture photometry and imaging to correct for the dilution of the CO band from dust heated by the AGN. We then compare the corrected CO band strengths with those of the ellipticals and starbursts.
Observations and Data reduction

Infrared Spectroscopy
The infrared spectra were taken over a period of four years at three different telescopes with FSpec (Williams et al., 1993) , a cryogenic long slit near infrared spectrometer utilizing a NICMOS3 256x256 array. We used R ≈ 700, R ≈ 1200, and R ≈ 3000 resolution modes, corresponding to gratings of 75, 300, and 600 lines/mm. The slit width was 1.2 arcsec at the MMT, 2.4 and 3.6 arcsec at Steward Observatory 2.3m and 1.55m telescopes.
The plate scales were 0.4, 1.2 and 1.8 arcsec/pixel respectively. The observing log is presented in Table 1 . The galaxies are sorted in order of right ascension.
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The spectra were reduced using IRAF tasks written specifically for FSpec (Engelbracht, 1999 ). An average of sky background images taken immediately before and after each -7object image was subtracted to remove the sky emission lines, and simultaneously, the dark current and offset level. Dark-subtracted dome flats were used to correct for pixel-to-pixel sensitivity variations. Then the object images were shifted and combined to produce a single two-dimensional spectrum. Known bad pixels were masked out. The large number of object images allowed us to exclude any remaining bad pixels and cosmic rays. The one-dimensional spectrum was extracted by fitting a 3-5 order polynomial to the continuum in the two-dimensional image. The angular sizes of the extraction apertures are given in Table 1 .
The object spectra were divided by spectra of stars close to solar type, observed at the same airmass, and then multiplied by a solar spectrum to remove the effects of the atmospheric absorption (Maiolino, Rieke & Rieke, 1996) . The true shape of the continuum was restored by multiplying the spectra by the ratio of black bodies with standard star and Solar effective temperatures. We used the OH airglow lines (Oliva & Origlia, 1992) , complemented when necessary with Ne-Kr comparison lamp spectra, for wavelength calibration.
Special attention was paid to determining the signal-to-noise of our data. The main sources of uncertainty are the photon statistics for faint objects, the strong sky emission lines and sky variation. First, we calculated the photon statistics, taking into account the object, the sky emission and the contribution from the standard star used for atmospheric correction. This is an optimistic estimate since it neglects the sky variations. Second, we calculated the noise from a relatively featureless part of the spectrum, which gives a pessimistic estimate because weak absorption lines were included as noise. Finally, for a few galaxies we calculated the signal-to-noise in the process of combining one-dimensional spectra extracted from each individual two-dimensional image. This is the most robust method and it accounts for all possible sources of error. The last two determinations gave -8virtually the same answers. The second technique is easier to implement but it has the disadvantage of estimating the noise level only on a clear continuum part of the spectra. To obtain the noise level at the lines and bands of interest, we rescaled the photon statistics noise spectrum to match the noise determined from the clear part of the spectra. The corresponding averaged signal-to-noise ratio is shown in Table 1 .
Infrared Line Measurements
The line measurements used Gaussian fitting. Broadband K images, kindly provided by McLeod & Rieke (1995) , were used to flux calibrate the spectra using the absolute calibration of Campins, . In turn, most of the images were re-calibrated using our aperture photometry (discussed below). The spectra in Figure 1 are divided by a low-order polynomial fit to the continuum, and shifted vertically, for display purposes. The individual absorption feature measurements are listed in Tables 2, and 3 .
Emission lines will be discussed in a separate paper. 1σ errors for the flux measurements include uncertainties both in the spectra (sky variation, continuum placement, shot noise) and in the flux calibration. 1σ errors for the equivalent line widths include only the uncertainties in the spectra which are dominated by the continuum placement error. The latter was estimated by taking measurements at different continuum positions. Empty items in the tables denote a lack of spectral coverage, and zero equivalent widths stand for a non-detection. In the latter case, the 1σ error has the meaning of a 1σ upper limit. 
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CO Band Measurements
Our high resolution spectra lack the wavelength coverage to measure the photometric CO index of Frogel et al. (1978) or the spectroscopic CO index of Doyon, Joseph & Wright (1994) . We defined a narrower CO index to utilize the complete set of data. Our index has the advantage of being insensitive to extinction. It follows the recipe of Doyon, Joseph & Wright (1994) , but the measured regions are narrower and closer:
is flux averaged in the band within a 100Å wide window centered at 22980Å, and F 22850Å is flux averaged on nearby continuum within a 100Å wide window centered at 22850Å, in the rest frame of the object.
A narrow index that does not encompass totally the spectral feature is sensitive to velocity dispersion variations. To alleviate this problem, we left out NGC 5990 and NGC 6240 from the comparison starburst sample, since they are known to have exceptionally large velocity dispersions. NGC 6240 is also not a typical starburst galaxy, since its faint Brγ is indicative of a relatively old burst of star formation.
An additional incentive to use narrower bandpasses is related to possible uncertainties in the continuum shape of the infrared spectra. The CO feature is close to the edge of an atmospheric window and we cannot measure the continuum level on both sides of the spectral feature. Although during the data reduction the original continuum shape was restored after the spectra were multiplied by the solar spectrum, we could not exclude some small deviations in the continuum shape. The narrow CO index minimizes the effect -10of the continuum shape on our analysis. To quantify this effect we used our JK aperture photometry to calculate the continuum slope at 2.3µm via simple linear interpolation. We imposed this slope on continuum divided spectrum and measured the CO index again.
The statistical errors in the CO index (σ CO = 0.01 mag for a spectrum with S/N=30 per pixel) are negligible, compared to the systematic errors due to the uncertain continuum slope. To determine the true uncertainties, we took advantage of the multiple spectra of some galaxies, taken on different nights, and with different spectral resolution. We found the typical total uncertainty in the CO index to be 0.02 mag.
Finally, we compared our CO index with that of Doyon, Joseph & Wright (1994) calculating both indices for the set of stellar spectra by Kleinmann & Hall (1986) . For 26 stars, the linear conversion is:
with standard deviation of residuals of 0.02. That is, within the errors the two indices are equivalent. Our CO index is related to other systems of CO indices via transformations derived by Doyon, Joseph & Wright (1994) .
Aperture Photometry
The aperture photometry was carried out at the MMT using the facility single pixel InSb aperture photometer. Aperture diameters, fluxes and observed colors with 1σ errors are shown in Table 4 . The calibration is based on the standard star network of Elias et al. (1982) with zero points based on Campins, . With data already available in the literature, a full set (JHKLN) of ground-based photometry is now available for the entire CfA sample.
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K-band Imaging
K-band imaging was taken from the survey of McLeod & Rieke (1995) . All the images were calibrated using our aperture photometry. Many of the images had independent calibrations from McLeod & Rieke (1995) , and a comparison with the result from the photometry showed good agreement. The calibration was transferred to the spectra by extracting fluxes with a rectangular aperture that matched the slit size for the corresponding spectrum. To obtain an upper limit to the uncertainties imposed by field rotation at the MMT, we placed this pseudo slit in 4 orientations rotated by 45 degrees on the nucleus of each galaxy. In most cases, the errors due to slit rotation were the dominant source of uncertainty. These uncertainties and the statistical ones were propagated through our CO band correction procedure to obtain a final error on the CO correction.
Analysis
The CO Band Strength and Circumnuclear Starbursts
CO Band Strength and Starbursts
The goal of this study is to probe the presence of circumnuclear starbursts in the Seyfert galaxies by measuring their 2.3µm first overtone CO bandhead strength. The strength of this band depends on stellar temperature, metallicity, and surface gravity/luminosity.
These multiple dependencies suggest that interpretation of the band would be difficult.
However, in the case of nuclear starbursts in luminous galaxies, the behavior is dominated by the stellar luminosity.
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The best evidence for this conclusion is empirical. From the work of Ridgway, Wynn- Williams & Becklin (1994) , we compute that 23 "normal" galaxies recalibrated to the spectroscopic scale have a CO index of 0.20. Because of the tight distribution, this value is very well determined. In comparison, from this same work we find that the average CO band absorption index in 14 nuclear starbursts is more widely distributed, but with an average value of 0.27 (as suggested by Ridgway et al., we include only starbursts with H − K < 0.9). The study of luminous infrared galaxies by Goldader et al. (1995) includes 31 examples dominated by star formation, for which the average CO index corrected to the spectroscopic scale is also 0.27. The average photometric CO index of the higher quality spectra of Engelbracht (1997) is 0.30 ± 0.07. The data of Oliva et al. (1995) show a similar behavior.
For four low metallicity starbursting galaxies with well developed CO bands, the band strengths fall close to the average for normal galaxies (Vanzi & Rieke, 1997) . The metallicities of these galaxies are typically 3 to 5 times lower than solar. Thus, metallicity does have the expected effect on starburst CO band strengths, but it is only a modest one.
Because of this modest dependence, it is unlikely that the strong CO bands in starbursts could arise from high metallicity, particularly since there is little evidence for higher than solar metallicities in starbursts.
The starburst CO band strengths measured by Ridgway, Winn- Williams & Becklin (1994) and Goldader et al. (1995) do show a range that overlaps with the average value for normal galaxies, so it would be hazardous to conclude that any given galaxy with a normal CO band depth could not harbor a starburst. However, there are few if any normal galaxies with bands as deep as the average for the starbursts, so deep bands are a relatively reliable indication of a recent starburst. This conclusion becomes even stronger in comparing samples of galaxies, since a few outliers in the distributions will have little effect on average -13values of the CO index.
In principle, the CO bands will be weak if the starburst is so young that hot stars make a significant contribution to the K-band light. This situation may underly the few starbursts with weak CO. However, this phase is short-lived; the red supergiants start to dominate the near infrared after only a few million years, and continue to do so, until the burst is 50-100 Myr old.
Measuring CO Band Strengths in Seyfert Galaxies
AGNs often have spectral energy distributions peaking in the mid infrared due to emission by hot dust, and this component could fill in the 2.3µm absorption and weaken it. To use our spectra to estimate intrinsic CO band strengths requires that we correct for this emission. The hot dust emission rises steeply between the K and L(3.5µm) bands (e.g., McAlary & Rieke 1988) . In most Sy1s, where the hot dust dominates the emission in L, the estimates of hot dust emission at 2.3µm are too uncertain to allow an accurate correction to the CO band strength. In most Sy2s, the excess emission above the stellar contribution at L is relatively weak, however, and we can conclude that the dust emission at 2.3µm is small enough that even approximate corrections can yield a useful determination of the intrinsic CO band strength.
EDITOR: PLACE FIGURE 2 HERE.
The distribution of observed CO indices is shown on the top panel in Figure 2 . We assume that the observed fluxes at 2.3µm are the sums of similar stellar and non-stellar contributions. We have developed a procedure to disentangle the two based on a priori knowledge of their typical infrared colors.
-14 -(i) Our first step is to assume that the K-band emission is totally of stellar origin.
As we shall see, this assumption is usually not accurate but by repeating the procedure iteratively we can correct for the remaining non-stellar contribution.
(ii) Next we estimate the stellar component in L-band using the typical K − L color for stars. The infrared colors of normal galaxy nuclei are well known and are not a strong function of the stellar population. We adopted the typical colors of ellipticals as determined by Aaronson (1977) : J − H = 0.73, H − K = 0.21, and by Impey, Wynn- Williams & Becklin (1986) : K − L = 0.26.
(iii) Then we subtract the stellar contribution at L from the observed flux, and obtain the non-stellar L-band flux. This step is facilitated by the equal diameter of K and L band apertures.
(iv) The next step is to use the typical K − L color for the non-stellar component to estimate the non-stellar contribution in the K-band. Typical colors of the non-stellar component were inferred from Seyferts which show no or very weak CO absorption, hence excluding galaxies with a significant stellar contribution. We selected eight galaxies with observed CO index ≤ 0.05 and obtained an average nuclear color (K − L) nuc = 2.79 ± 0.40 mag, as a difference between the K flux measured within the slit aperture and the L-band flux within the circular aperture. Here we assume that the non-stellar component is concentrated in a point-source, and is fully encompassed by both the circular apertures and the slit.
(v) We then subtract a featureless spectrum, normalized to the non-stellar K-band flux, from the flux-normalized K-band spectrum. The resulting spectrum is corrected for dilution.
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The procedure has to be repeated to correct for the inaccurate initial assumption but it converges after only one or two iterations. The correction can be applied in other ways, such as starting at J, or H rather than K-band. The final results converge closely to the similar values.
An underlying assumption in this approach is that the nuclear sources in the sample galaxies all have similar K − L colors. It appears that the near infrared nuclear emission is characterized approximately by a blackbody at the typical destruction temperature of dust grains (Rieke & Lebofsky, 1981; McAlary & Rieke, 1988; Alonso-Herrero et al., 1998) .
As a test, we combined in various fractions a spectrum of an elliptical galaxy, representing the dominant old stellar population, with a diluting black body spectrum, and measured the colors and the CO index of the composite spectra. Most of our galaxies are consistent with T Black Body = 1000 − 1200K (Figure 3 ), supporting our assumption for the universal nature of the diluting spectra in Seyfert galaxies. In addition, the near infrared continuum appears to be "uncovered" abruptly at an appropriate viewing angle rather than showing a succession of galaxy types with differing colors in this continuum (Ruiz, Rieke, & Schmidt, 1994; Maiolino, Rieke & Keller, 1995; Quillen et al., 2000b) . Therefore, this underlying assumption is plausible, although differences in nuclear color will limit our approach to galaxies where the corrections are modest.
EDITOR: PLACE FIGURE 3 HERE.
We also assume that the non-stellar nuclear flux at L-band flux comes from a source smaller than our slit width; that is, that there is no significant level of extended featureless emission. Typical scale sizes for the hot dust source component are ≤ 10 pc, judged from variability time scales (Rieke & Lebofsky, 1979; Glass, 1992; Glass, 1997; Glass, 1998; Quillen et al., 2000a) . The central engine is not expected to heat up the dust at 0.5-1 kpc -16from the center or further, which is the typical linear size of the slit at the distance of most of our targets. The dust can also be heated by an extended starburst in the disk. In that case, the L-band nuclear component will be overestimated, leading to an overcorrection of the CO band, and deduction of a stronger starburst. This effect would only strengthen our conclusions if we do not detect excess starburst activity.
We minimized the effect of reddening by starting our correction procedure from the K-band. However, we can put limits on the reddening by comparing the observed J − H colors of the Seyferts with those of a typical stellar population. This comparison is not exact because of both the likely variations in the reddening within our photometric aperture and the emission associated with the central engine. However, the derived J − H color excesses are small, so these potential difficulties are relatively unimportant. We derive that K − L color excesses for the stars are only a couple of percent, smaller than or comparable to the observational uncertainties. Hence, in our analysis we neglected the effects of reddening in K − L. We will discuss in more detail the colors of some of the galaxies in the next section.
The procedure described above cannot be applied to all of our targets. Many Type 1
Seyferts have too strong a non-stellar component. We adopted the criterion for attempting a correction that the L-to-K aperture flux ratio has to be smaller or equal to 1.0, equivalent to K − L ≤ 0.91 mag. The limit was chosen after an error propagation analyses showed that the CO absorption in galaxies with larger L band excess cannot be reliably corrected for the non-stellar contribution. Table 5 includes all Seyferts with corrected CO indices.
We excluded from further analysis 2237+07 because of the insufficient signal-to-noise ratio at the long wavelength edge of the K-band. We also discarded galaxies with corrections larger than 25 % in flux at K to keep the additional uncertainty added to the corrected CO indices by the correction procedure itself to < 0.01 mag. This constraints our maximum CO index correction to 0.05 mag.
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For comparison purposes we carried out the same procedure on a sample of starburst galaxies from Engelbracht (1997) . The photometric data for these galaxies were collected mostly from the literature ( Table 6 ). Unlike the Seyferts, starburst galaxies display significant reddening. For most of the targets Engelbracht (1997) inferred A V = 3 − 10 mag, from infrared spectroscopy. We also used the infrared colors to supplement the reddening estimates. We carried out the CO correction for the starbursts twice. First, we neglected the extinction. Second, we dereddened the photometry before correcting the CO band. The reddening accounts for part of the K − L color excess leading to smaller CO corrections.
This would strengthen a conclusion for the absence of strong starbursts in Seyferts.
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Results
The results of the CO correction procedure starting at K, as described in the previous section, are shown in Table 5 for Seyferts and Table 7 for The CO absorption strength in luminous ellipticals is narrowly distributed within the 0.18-0.22 bin (we excluded Abell 770 as a double nucleus galaxy, and M 87 because of its mildly active nucleus). See also Ridgway et al. (1994) . As shown in Figure 2 , our -18corrections to the CO index in the type 2 Seyfert galaxies usually recovered the CO indices of an underlying old stellar population, similar to that of the elliptical galaxies. We do not find evidence for a significant contribution from young red stars, except in a few of the active galaxies.
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To determine the significance of this result we ran a Monte-Carlo simulation. We fitted a Gaussian to the distribution of the corrected CO indices of starburst galaxies, with reddening taken into account. Next, we drew random realizations, and counted the cases that match or have an excess of shallower CO indices compared with the corrected distribution of the CO indices of Type 1.8-2 Seyfert galaxies. Based on 10 5 realizations, there is a probability of only 0.2% that the two distributions are drawn from the same parent distribution. (1978) . Although the photometric systems may not be exactly the same, particularly the L-band, they are sufficiently close to our system for qualitative comparison. The giants span the range between G5 and M8 on left panel and between G5 and M5 on the right.
Infrared Colors
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The supergiants span the range between B0 and M5 on both panels. Reddening vectors according to the reddening law are also shown. A number of galaxies show peculiar blue colors. In these cases, we have searched the literature for additional measurements, shown in Table 8 . Although comparisons are undermined to some extend by possible variability, from them we can get a feeling for the external accuracy of our measurements. In the case of NGC 1144, we believe the best measurement is K − L = 0.73 from Carico et al. (1988) . 1058+45 is a faint source and given the observational uncertainties, we attributed the peculiar K − L color to a statistical error. Figure 3 , we can conclude that such events are present in only a minority of the galaxies we have observed.
The Oliva et al. (1999) sample favors galaxies with bright nuclei; our study is less biased in this direction. Nonetheless, the results are consistent in indicating that the near infrared stellar luminosities in the majority of type 1.8-2 Seyfert galaxies are NOT dominated by red supergiants from starbursts. Oliva et al. show that the M/L H distribution for eight Seyfert 1 galaxies is indistinguishable from that of normal spirals, Because of the relatively strong nuclear emission of type 1 Seyfert galaxies, we have been able to measure CO band strengths for only two, but neither is strong. It therefore appears that the near infrared luminosities of -21type 1 Seyfert nuclei are seldom dominated by starburst-generated supergiants.
We quantified the role of starbursts in our sample by constructing a set of composite spectra. We added increasing portions of starburst spectra to an average spectrum of an elliptical galaxy, and ran the same Monte-Carlo simulation described above. We took an elliptical galaxy CO strength distribution and added the distribution typical of starbursts until there was less than a 5% probability that the CO strengths in the synthetic spectra were drawn from the same distribution as the observed distribution of CO strengths in the Seyfert galaxies. We excluded Mkn 993 from the fitting because its extremely strong CO index may partially result from the relatively low signal-to-noise ratio of that spectrum. Increasing the starburst component in the composite spectrum quickly lowers the probability to draw a matching CO index distribution. The simulation suggests that typically less than 1/3 of the K-band flux originates from a starburst in our sample of Type 1.8-2 Seyfert galaxies, at the 95% confidence level.
Let us assume that the starburst and the old population are represented by single bursts of ages 10 7 and 10 9 years, respectively. Then, the upper limit on the K luminosity implies that the starburst would contribute no more than 31% of the bolometric luminosity, 8% of the flux in the V-band and 11% of the flux in the B-band. That is, the blue continuum of a typical type 1.8-2 Seyfert galaxy in our sample may have a weak contribution from young blue stars, but is unlikely to be dominated by such stars. The starburst masses cannot typically exceed 10 7 , or in the most extreme cases, 10 8 M ⊙ . The corresponding limits on the starburst luminosities are similar to or lower than those of the AGNs in these galaxies.
According to the predictions of the same model, the CO strength reaches the typical value of an old stellar population about 50-100 Myr after the beginning of the starburst.
Thus, our technique is not sensitive to very old starbursts. However, after 100 Myr, the starburst absolute K − band flux decreases by 3-4 mag, and its contribution to the total -22 -K − band flux from the galaxy nucleus would become negligible.
Summary
We obtained K band spectroscopy of a set of Seyfert galaxies, to measure their stellar first overtone CO band strengths at 2.3µm. We used JHKL aperture photometry to estimate the non-stellar contribution at this wavelength. We successfully corrected the CO band for the dilution for 16 galaxies which were not dominated by the non-stellar component. The comparison to CO indices measured in elliptical and purely starbursting galaxies yielded no evidence for strong starbursts in the majority of Seyfert 1.8-2 galaxies.
This result suggests the nuclear activity in many Seyfert 2 galaxies arises independently of any strong circumnuclear starbursts. We used an evolutionary starburst model to place an upper limit of ∼ 11% on the contribution to the B band light from hot, young stars in a typical type 1.8-2 Seyfert.
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-23 - d Signal-to-nise ratio per pixel; averaged over the entire spectral range.
e Anguar size of the spectral aperture, i.e. the width of the slit x the width of the extracted one-dimensional spectrum.
-25 - Note. -Equivalent line widths are given inÅ.
-26 - -28 - b Slit size in arcsec, if more then one spectra were taken
Note. -The table contains: JHKL fluxes within the given aperture diameter, centered at the nucleus, K flux within the slit, used to calibrate the spectra, and the colors derived from the aperture fluxes, using the absolute calibration of Campins, . The second number in each column is 1σ uncertainty.
-30 - 
Note. -Columns 4 and 7 contain the corrected CO indices with correction procedure started from H and K respectively. Columns 5 and 8 show the non-stellar part of the K flux. The number of iterations are presented in columns 6 and 9. Zero iterations indicates that the galaxy has K − L bluer then the adopted pure non-stellar color (K − L) Sy1 = 2.79, and we assumed negligible non-stellar flux at K.
-31 - The effective aperture is a circle with the same area as the slit aperture. -32 - Note. -Columns 1-9 are the same as in Table 5 .
-33 - Fig. 1. -Spectra of the sample galaxies, continuum-divided (all continua were normalized to 1) and shifted vertically for display purposes by adding integer numbers (0, 1, 2, ..., 8) , in order of increasing R.A. 1σ noise spectrum (see section2.1) is shown above each spectrum, on the same scale. For galaxies with multiple spectra all spectra are shown. The galaxy names and Seyfert types are indicated. Vertical dot lines show some features of interest.
(a)-(d) K-band spectra. (e) H-band spectra. 
